The influence of amino acid substitutions on the conformational energy of cytochrome c.
Conformational energies have been evaluated for each of the staggered side-chain conformations associated with the 261 amino acid substitutions known to occur among 60 eucaryotic species. At least 86% of these substitutions can be sterically accommodated (one at a time) within the structure of horse-heart cytochrome c resulting from conformational energy refinement. Simultaneous incorporation of all pertinent amino acid substitutions found in eight representative species into the refined horse-heart structure is also shown to be sterically possible, with few exceptions. In two cases (Pekin duck cytochrome with 10 substitutions and Samia cynthia cytochrome with 24 substitutions), all substitutions could be readily incorporated, and the total energies associated with their computed structures differed by less than 10 kcal/mol from that of horse-heart cytochrome c. In the cytochromes from rattlesnake (22 substitutions), tuna (18 substitutions), and Neurospora crassa (36 substitutions), tyrosine could not be substituted for phenylalanine at position 46, within the constraints of the calculations. However, when all of the remaining substitutions were incorporated into these three cytochromes, their computed conformational energies differed by less than 30 kcal/mol from that of horse-heart cytochrome c. Between two and four amino acid substitutions cause high energies in the cytochromes from human, baker's yeast, and cotton seed, but all of the remaining substitutions are consistent with a low energy conformation. These results suggest that the structures of homologous proteins may be even more similar than has previously been recognized. Substitutions of all possible amino acid types at the invariant positions (where all eucaryotic cytochromes c bear the same amino acid) have revealed some cases where different amino acids can be accommodated, thus demonstrating that the biological constraints on amino acid substitutions are often different from the purely steric constraints investigated in this work.